Fluorinated derivatives of 4,10-diazachrysene (DAC) were tested for their mutagenicity in Salmonella typhimurium TA100 in the presence of rat liver S9 to investigate the metabolic activation pathway of DAC. We have previously reported that metabolism at the pyridine moiety of quinoline was related to its mutagenicity and that quinoline was deprived of its genotoxicity by fluorine-substitution at the position 3 in the pyridine moiety. DAC, an aza-analog of chrysene consisting of two quinoline moieties, has two pyridine and two benzene rings as metabolically susceptible sites in the molecule. The mutagenicity of DAC was only decreased by fluorine-substitution on both pyridine moieties. On the other hand, the mutagenicity of DAC was neither decreased by fluorine-substitution on just one pyridine moiety nor by fluorine-substitution on both benzene moieties. These results suggest that metabolic activation occurs on both pyridine moieties in DAC like in quinoline.
INTRODUCTION
We have been investigating the substituent effect of a fluorine atom(s) on the mutagenicity and metabolism of aza-aromatic compounds. It * To whom correspondence should be addressed: Graduate School of Pharmaceutical Sciences, Nagoya City University, Tanabedori, Mizuho-ku, Nagoya 467-8603, Japan. Tel.: +81-52-836-3485; Fax: +81-52-834-9309; E-mail: saeki@phar.nagoya-cu.ac.jp is well known that, when a hydrogen atom on an aromatic nucleus is substituted with a fluorine atom, enzymatic oxidation is generally inhibited at the site of fluorine-substitution due to its electron-withdrawing nature. [1] [2] [3] [4] Therefore, fluorine-substitution at the metabolic activation site may decrease the mutagenicity of aromatic compounds. We previously reported that quinoline was deprived of both in vitro and in vivo mutagenicity by fluorine-substitution at the position 3 in the pyridine moiety [5] [6] [7] and that metabolic activation of quinoline might take place in the pyridine moiety to form the ultimate genotoxic form, an enamine epoxide (1,4-hydrated 2,3-epoxide). 8, 9) 4,10-Diazachrysene (DAC) is an aza-analog of chrysene ( Fig. 1) , consisting of two quinoline moieties. We have previously reported that DAC showed mutagenicity in the Ames test in the presence of rat liver S9 or human liver microsomes, 10) although formation of the bay-region diol epoxide, the ultimate mutagenic from of chrysene, 11) from DAC seemed impossible because of the nitrogen atoms in both pyridine rings. Moreover, DAC showed a higher mutagenicity than chrysene in the in vivo mutagenesis assay system using the lacZ transgenic mouse. 12) In the present study, we attempted to investigate fluorine-substitution effects on the mutagenicity of DAC with special attention to the metabolic activation mechanism. For this purpose, four fluorinated DACs, 2-fluoro-DAC (2-F-DAC), 6-fluoro-DAC (6-F-DAC), 2,8-difluoro-DAC (2,8-diF-DAC), and 6,12-difluoro-DAC (6,12-diF-DAC), were newly synthesized (Fig. 1) .
MATERIALS AND METHODS
Materials --DAC and 6-amino-DAC (Registry Nos. 218-34-8 and 24628-78-2, respectively) were synthesized according to the reported methods. 10, 13) 3-Fluorobenzo[h]quinoline was synthesized as in our previous report. 14) Tetraethylammonium fluoride-5.5 mol eq. of hydrogen fluoride was purchased from Morita Chemical Industries Co., Ltd, Osaka, Japan. Melting points were determined with a Yamato MP-500D micro melting point apparatus without correction. Mass spectra (electron impact ionization) were measured with a JEOL AX505HA spectrometer. 1 H-NMR spectra were recorded with a JNM-GSX 400 spectrometer in CDCl 3 or dimethyl sulfoxide (DMSO)-d 6 using tetramethylsilane as an internal standard. The following compounds were synthesized for the present study. 6-F-DAC --6-Amino-DAC (100 mg) was suspended in 5 ml of tetraethylammonium fluoride-5.5 mol eq. of hydrogen fluoride. Sodium nitrite (59.2 mg) was added to the solution, and the mixture was kept stirring at 0 • C for 15 min. Then the solution was warmed at 95 • C and kept stirring for 1 hr. The reaction mixture was poured into 100 ml of water, neutralized with sodium carbonate, and extracted with CHCl 3 . The organic layer was dried over anhydrous MgSO 4 and evaporated. Purification of the extract by recrystallization with acetone yielded 6-F-DAC in 44% yield. mp 232-234 6-F-12-NO 2 -DAC (100 mg) was hydrogenated with 5% Pd-C in methanol for 48 hr. The suspended Pd-C was filtered off and washed with methanol. The solvent was removed by evaporation to yield 6-amino-12-fluoro-DAC (6-NH 2 -12-F-DAC) in 62% yield. mp 185-187 • C. MS m/z: 263 (M + ). 1 
6-NH 2 -12-F-DAC (37.7 mg) was dissolved in 4 ml of pyridine-HF. Sodium nitrite (9.6 mg) was added to the solution, and the solution was kept stirring at 0 • C for 15 min. Then the solution was warmed at 95 • C and kept stirring for 1 hr. The reaction mixture was poured into 100 ml of water, neutralized with sodium carbonate, and extracted with 
RESULTS AND DISCUSSION
The DACs listed in Fig. 1 were tested for mutagenicity in S. typhimurium TA100 in the presence of rat liver S9 (1 mg protein/plate) according to the procedure of the Ames test. 15, 16) In general, compounds inducing less than twice the number of revertants in the background were considered non-mutagenic in the Ames test. The doseresponse curves for the test compounds are shown in Fig. 2 . DAC was highly mutagenic as in our previous report. 10) The mutagenicity of DAC was remarkably decreased to a very weakly positive level by fluorine-substitution in both pyridine moieties, as revealed with 2,8-diF-DAC. The other fluorinated derivatives of DAC showed high mutagenicity. 2-F-DAC, in which only one pyridine moiety is fluorine-substituted, was as mutagenic as, or more mutagenic than, DAC. It seems that fluorine-substitution at only one pyridine moiety was not enough to reduce mutagenicity, probably because the other pyridine moiety site might 
